Production of volatile fatty acids (VFA) in the cecum and colon and their utilization as an energy source were studied in growing and finishing swine fed diets containing 0, 20, 40 or 60% alfalfa meal. The pH in the cecum and colon had an average value of 5.9, which supports fermentation of lumen contents. Increasing dietary fiber increased the concentration (raM/liter) of VFA in the large intestine; VFA ratio was changed in the cecum (increased acetic: propionic-butyric acids) but not in the colon. VFA disappearing from the lower gastrointestinal tract were equivalent to 79, 147, 227 and 155 kcal per day for pigs fed 0, 20, 40 and 60% alfalfa meal, respectively, at 48 kg body weight and 47,231,285 and 245 kcal per day, respectively, at 89 kg body weight. VFA produced in the large intestine can therefore provide up to 6.9, 11.3, 12.5 and 12.0% of the energy required for maintenance in the 48 kg pig and 4.8, 11.4, 14.0 and 12.0% in the 89 kg pig fed O, 20, 40 and 60% alfalfa meal, respectively.
Introduction
Production of volatile fatty acids (VFA) in the cecum and colon and their utilization as an energy source were studied in growing and finishing swine fed diets containing 0, 20, 40 or 60% alfalfa meal. The pH in the cecum and colon had an average value of 5.9, which supports fermentation of lumen contents. Increasing dietary fiber increased the concentration (raM/liter) of VFA in the large intestine; VFA ratio was changed in the cecum (increased acetic: propionic-butyric acids) but not in the colon. VFA disappearing from the lower gastrointestinal tract were equivalent to 79, 147, 227 and 155 kcal per day for pigs fed 0, 20, 40 and 60% alfalfa meal, respectively, at 48 kg body weight and 47,231,285 and 245 kcal per day, respectively, at 89 kg body weight. VFA produced in the large intestine can therefore provide up to 6.9, 11.3, 12.5 and 12.0% of the energy required for maintenance in the 48 kg pig and 4. 8, 11.4, 14.0 and 12.0% While it is accepted that the disappearance of dietary fiber during the passage of feedstuffs through the digestive tract of simple stomached animals is the result of fermentative or microbial action (Wilbur et al., 1969; Fuller and Briggs, 1962; Alexander and Davies, 1963; Argenzio and Southworth, 1975) , direct observations on the degree to which the apparently digested fiber energy is utilizable are few and contradictory. Contribution of VFA to the swine energy requirement varies from 5 to 28% according to Friend et al. (1964) , Farrell and Johnson (1972) and Imoto and Namioka (1978a) , depending on the quantity of fermentable carbohydrate in the diet and the amount reaching the lower gastrointestinal (GIT) tract. The objective of this experiment was to investigate the extent of the contribution of volatile fatty acids (VFA) produced by fermentation of dietary fiber in the lower GIT as an energy source for growing and finishing swine fed 0, 20, 40 or 60% alfalfa meal. The data were obtained from the same animals used in a previously reported experiment (Kass et al., 1980) designed to determine the effect of high fiber diets on growth, carcass measurements and digestibility of diet components.
Materials and Methods
The pigs, diets and experimental procedure used in this studywere the same as those described previously (Kass et al., 1979) . Briefly, Yorkshire barrows were fed diets containing 0, 20, 40 or 60% alfalfa meal from 17 kg body weight to slaughter at 48 or 89 kg body weight. At each slaughter weight, four animals from each diet group were moved to individual pens 192 JOURNAL OF ANIMAL SCIENCE, Voi. 50, No. 1 (1980) and for 4 days each pig was fed 1,360 daily of the respective diets diluted with .7% chromic oxide. After 4 days, animals were randomly selected for slaughter at 2, 4, 8 and 12 hr after feeding and the entire gastrointestinal tract (GIT) was removed and ligated to form four segments (stomach, small intestine, cecum, colon). After removal of the contents from each segment of the GIT, pH of the contents of each segment was measured and samples collected for later VFA analysis by gas chromatography using the procedure described by Hernandez-Urdaneta (1975) . Statistical analyses were done using the model of Henderson (1969) described prevously (Kass et al., 1980) .
Results and Discussion
Results of the pH measurements of contents of stomach, small intestine, cecum and colon of pigs fed diets containing 0, 20, 40 or 60% alfalfa meal and slaughtered at 48 or 89 kg body weight are summarized in table 1. Differences were statistically significant among diets in all segments of the GIT, but the biological significance is unknown. In the stomach, pH was increased in pigs fed 20% alfalfa meal compared with pigs fed 0 alfalfa meal, but 40 and 60% alfalfa meal diets were associated with pH values not significantly different from the pH of contents in pigs fed 0 alfalfa meal. In the small intestine, cecum and colon, pH was less in pigs fed 20% alfalfa meal than in those fed 0 alfalfa meal, but the pH of contents in pigs fed 40 or 60% alfalfa meal was variable.
Pigs slaughtered at 48 kg body weight had significantly lower pH in contents of all segments of the GIT than pigs slaughtered at 89 kilograms. The environment of the swine large intestine is stabilized by the buffering capacity of GIT contents and secretions and the rapid transit of VFA's through the gut wall. Thus, pH in all segments caudal to the stomach was 5.8 or higher. The concentration of VFA has been related to time after feeding (Clemens et al., 1975) , age (Friend et al., 1963) and composition of diet (Friend et al., 1963; Argenzio and Southworth, 1975) . Increasing dietary fiber increased the concentration (mM/liter) of VFA in the contents of the colon, but not of the cecum (figure 1).
The overall mean concentration of VFA (acetic, propionic and butyric combined) was 23.7 and 34.0 raM/liter in the cecum and colon, respectively, (P<.05). Propionic and butyric acid concentrations were highest in the cecum of pigs fed the diet containing 0 alfalfa meal (P<.05); diet did not significantly affect fatty acid concentrations in the colon. Body weight (48 vs 89 kg) had no effect on VFA concentrations in any of the segments of the GIT (figure 2). Increasing dietary fiber modified the VFA ratios (table 2) in the cecum (increased acetic to propionic plus butyric acid ratio) (P<.05) but not in the colon. The same effect was observed by Yang et al. (1970) Friend et al. (1963) and Argenzio and Southworth (1975) found that increasing cellulose in the diet reduced VFA ratios in the large intestine, while Farrell and Johnson (1972) found no effect.
In a previous paper in which the same animals were used (Kass et al., 1980) , decreased apparent digestibility of diet components occurred with increasing levels of dietary fiber (from alfalfa meal). This observation was in accord with other reports (Henry, 1977; Keys et aL, 1969 Keys et aL, , 1970 Keys and DeBarthe, 1974; Farrell, 1973) . The depressed apparent digestibility was interpreted as being due to increased rate of passage (turnover time) of digesta through the GIT. Total VFA concentration (mM/liter) and amount (mg) in combined cecum-colon contents of pigs fed 0, 20, 40 or 60% alfalfa meal and slaughtered at 48 or 89 kg body weight were used to evaluate the role of digesta turnover time, cell wall content of the diet and cell wall apparent digestibility. Correlation coefficients for these traits are shown in table 3. Turnover time of digesta and cell wall apparent digestibility had no influence on total VFA concentration, but percentage of cell wall in the diet was correlated negatively with VFA concentration (r ---.51) and VFA content (r = -.84) of the cecum-colon. Turnover time of digesta was positively correlated with total amount of VFA (r --.70) and negatively correlated with cell wall digestibility (r ---.92).
In the pig, the transport of VFA through the cecal and colonic mucosa is very efficient (Argenzio and Southworth, 1975) and complete (Farrell and Johnson, 1972 ). This fact is also shown by the occurrence of VFA in the efferent blood of the intestine (Barcroft et al., 1944) and in the peripheral blood (McClymont, 1951; Friend et al., 1964) 
Although there is evidence for the digestion of dietary fiber in the pig, the amount of energy supplied to the animal is highly debated. Some authors (Woodman and Evans, 1947; Cunningham et al., 1961; Likuska et al., 1961) contend that dietary fiber, even though it is broken down, does not supply any energy to the animal. On the other hand, Friend et al. (1964) reported that 28% of the energy required for maintenance can be supplied by fiber breakdown. The present data indicate that large quantities of VFA are produced in the hind-gut and that pigs absorb them. It is recognized that some VFA disappearance attributed to absorption could be due to fecal loss. To calculate how much of these end products of fermentation theoretically are used to spare the energy requirement of pigs fed varying levels of fiber, regression equations for each acid were obtained after measuring acetic, propionic and butyric acid in samples of cecum and colon contents collected 2, 4, 8 and 12 hr after feeding. bEach value is the mean of 16 animals.
CEach value is the mean of 32 animals.
The rate of decrease at any time on the regression line is dependent on the quantity of VFA present at that particular time. These exponential functions are the same as those used to describe radioactivity decay or first order reaction (Wang and Willis, 1965) . The following equation was adapted to describe the results of the present experiment: Qt=Q0 e -kt where Qt = quantity of VFA at any time, Qo = quantity of VFA at time zero obtainable by extrapolation from the regression lines, e = base of natural logarithm, t = time in hours and k = a constant which is dependent on the half life (t1/2) of time in hours required to reduce the quantity of VFA at any point on the regression line to one-half its initial value. The constant, k, can be determined by dividing .693 by tl/2, the half life. The amount of VFA disappearing over a period of 24 hr was calculated using the methods of Yang et al. (1970) .
VFA disappearance (f) is represented by the triangular area above the regression line within the boundaries set by 24 hr and the quantity of VFA at time zero (to). This area is the total integrated decrease from time zero to time t (tt) which can be obtained by integrating the exponential function from to to t t as follows: f = Q0 e -kt dt = t-Q0 ~--kt = -___~ (e -kt -1) k Qo and tl/2 were estimated directly from the (Hodgman, 1959) , the energy values of VFA disappearing from the lower tract were equivalent to 79,147,227 and 155 kcal/day for pigs slaughtered at 48 kg and 47, 231,285 and 245 kcal/day for pigs slaughtered at 89 kg and fed diets containing 0, 20, 40 and 60% alfalfa meal, respectively. Based on the average body weight (kg -Ts ) (Kleiber, 1963) of the pigs at the time of the last meal, the net maintenance energy requirement is about 1,296 and 2,028 kcal for pigs weighing 48 and 89 kg, respectively. Assuming that all disappearance of VFA is due to absorption, VFA energy from the lower tract can therefore supply 6.9, 11.3, 12.5 and 12.0% of the energy required for maintenance in the 48 kg pig and 4.8, 11.4, 14.0 and 12.0% of the energy required for maintenance in the 89 kg pig fed diets containing 0, 20, 40 and 60% alfalfa meal, respectively.
